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TECHNICAL MEMORANDUM 

A .  I N T R O D U C T I O N  

T h i s  p a p e r  examines t h e  l a u n c h  f a c i l i t i e s  and equipment  
to d e t e r m i n e  t h e i r  adequacy and/or  f e a s i b i l i t y  of c o n v e r s i o n  to 
s u p p o r t  t h e  Apol lo  E x t e n s i o n  System (AES). The e x a m i n a t i o n  i s  
d i v i d e d  i n t o  t h r e e  a reas :  S a t u r n  I B  l a u n c h  complexes ( S e c .  B ) ,  
S a t u r n  V l a u n c h  complex ( S e e .  C )  and s p a c e c r a f t  checkout  ( S e e .  D ) .  
S c h e d u l e  r e q u i r e m e n t s  a r e  r e l a t e d  to e x i s t i n g  a n d / o r  programmed 
l a u n c h  f a c i l i t i e s  a n a  equipment c a p a b i l i t i e s  t o  d e t e r m i n e  t h e i r  
adequacy .  D i f f e r e n t  methods o f  p r o v i d i n g  t h e  S a t u r n  I B  AES capa-  
b i l i t y  a re  d i s c u s s e d ,  i n c l u d i n g  o p e r a t i o n a l  c o n s t r a i n t s  and ma jo r  
m o d i f i c a t i o n s  and u p g r a d i n g .  F i n a l l y ,  f a c i l i t i e s  and GSE f o r  
s p a c e c r a f t  p r e p a r a t i o n  and checkout  a r e  examined for t h e i r  adequacy 
to s u p p o r t  t h e  p roposed  launch  r a t e  o f  e i g h t  s p a c e c r a f t  p e r  y e a r .  
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B.  S a t u r n  I B  

1. Schedu le  Requi rements  

The p roposed  l aunch  s c h e d u l e  must be  a n a l y z e d  to 
d e t e r m i n e  t h e  r e q u i r e d  number o f  l a u n c h  pads  and t h e i r  con- 
f i g u r a t i o n .  For t h i s ,  t h e  minimum l a u n c h  i n t e r v a l  f o r  an  
i n d i v i d u a l  pad i s  f i r s t  de t e rmined .  Whereas t h e  S a t u r n  V i s  
assembled and checked  o u t  i n  t h e  V e r t i c a l  Assembly  B u i l d i n g  ( V A B )  
and t r a n s p o r t e d  to t h e  l aunch  pad i n  t h e  assembled c o n f i g u r a t i o n ,  
t h e  S a t u r n  I B  i s  assembled and checked o u t  on t h e  l a u n c h  pad .  For 
t h e  f i r s t  S a t u r n  I B ' s ,  1 2  weeks a re  b e i n g  a l lowed  on t h e  l a u n c h  pad 
f o r  assembly ,  c h e c k o u t ,  and l a u n c h .  It i s  f e l t  t h a t  t h i s  a s s e m b l y  
and checkout  t i m e  f o r  subsequen t  S a t u r n  I B I S  can  b e  g r a d u a l l y  
r educed ,  l a u n c h  by l a u n c h ,  to a p p r o x i m a t e l y  9-1/2 weeks.  I n  
a d d i t i o n ,  t i m e  must a l s o  b e  a l lowed  a f t e r  each  l a u n c h  f o r  pad 
r e f u r b i s h m e n t  and n e c e s s a r y  m o d i f i c a t i o n s .  T h e r e f o r e ,  to a l l o w  
s u f f i c i e n t  t i m e  f o r  a s s e m b l y ,  c h e c k o u t ,  l a u n c h  and r e f u r b i s h m e n t ,  
l a u n c h e s  from a n  i n d i v i d u a l  pad must b e  p l anned  w i t h  a minimum t h r e e  
mnnthc .  interval ::her= ~ u c c e s s i v z  launches a r e  the saxe t y p e  v e i i i c i e  
( i . e . ,  S a t u r n  IB/Apollo or S a t u r n  I B / C e n t a u r ) .  

From a l a u n c h  f a c i l i t y  v i e w p o i n t ,  t h e  l a u n c h e s  can  b e  
d i v i d e d  i n t o  two g r o u p s :  S a t u r n  IB/Centaur  and S a t u r n  IB/modi f ied  
Apo l lo .  The q u e s t i o n  o f  how many l a u n c h  pads w i t h  t h e  c a p a b i l i t y  
for e a c h  t y p e  l a u n c h  must t h e n  be answered .  The S a t u r n  IB/Centaur  
l a u n c h e s  a re  s c h e d u l e d  on a one month i n t e r v a l .  Because o f  t h e  
t h r e e  month pad i n t e r v a l ,  t h i s  a l o n e  d i c t a t e s  t h a t  t h e r e  b e  two 
l a u n c h  pads  w i t h  S a t u r n  IB/Centaur  c a p a b i l i t y .  An a n a l y s i s  of  t h e  
p roposed  s c h e d u l e  r e v e a l s  t h a t  t h e r e  must a l s o  be  two pads  w i t h  
Sa tur r i  IB /Apo l lo  c a p a b i l i t y .  T h e  y u e s i i o n  t h e n  a r i ses  -- what i s  
t h e  p r e s e n t  c o n f i g u r a t i o n  o f  t h e  S a t u r n  I B  l a u n c h  complexes and  
t h e  f e a s i b i l i t y  of  p r o v i d i n g  t h e  r e q u i r e d  c a p a b i l i t y ?  

Launch Complex 34  was o r i g i n a l l y  c o n s t r u c t e d  f o r  t h e  
S a t u r n  I ,  Block I ,  w i t h  dummy upper  s t a g e .  It was l a t e r  upgraded  
to S a t u r n  I ,  Block  11, c a p a b i l i t y  as a backup pad f o r  t h e  Block I1 
l a u n c h e s .  It i s  p r e s e n t l y  b e i n g  upgraded  to S a t u r n  IB/Apollo 
c a p a b i l i t y ,  Launch Complex 3 7 B  was o r i g i n a l l y  c o n s t r u c t e d  f o r  t h e  
S a t u r n  I ,  Block 11, and w i l l  b e  upgraded to S a t u r n  I B  c a p a b i l i t y  
upon t h e  comple t ion  o f  t h e  Block I1 l a u n c h e s .  Pad 3711 was con- 
s t r u c t e d  f o r  t h e  S a t u r n  I ,  Block 11, l a u n c h e s ,  b u t  because  o f , a  
r e d u c t i o n  i n  l a u n c h  r a t e s ,  was n o t  o u t f i t t e d .  A s  d i s c u s s e d  below,  
to f u r t h e r  upgrade  t h e s e  pads to Centau r  or d u a l  c a p a b i l i t y  w i l l  
r e q u i r e  c o n s i d e r a b l e  m o d i f i c a t i o n .  
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2 .  C e n t a u r  S t a g e  Add i t ion  

I n  p r o v i d i n g  t h e  l aunch  f a c i l i t i e s  and ground s y s t e m s  
f o r  t h e  AES, t h e  a d d i t i o n  o f  t h e  Cen tau r  s t a g e  i s  t h e  most s i g n i -  
f i c a n t  s i n g l e  i t e m .  Ground sys tems to s u p p o r t  a t h r e e  s tage 
l a u n c h  v e h i c l e  r a t h e r  t h a n  a two s t a g e  one must be  p r o v i d e d .  Some 
of t h e  i m p l i c a t i o n s ,  i n  more d e t a i l ,  a r e  as f o l l o w s :  

a .  

b .  

C .  

d .  

S e r v i c e  S t r u c t u r e s .  The p r e s e n t  p l a n s  f o r  S a t u r n  
I B  m o d i f i c a t i o n  do  n o t  i n c l u d e  a s e r v i c e  p l a t f o r m  
f o r  t h e  LEM, and t h e r e  i s  some q u e s t i o n  as t o  whether  
i t  w i l l  be r e q u i r e d .  An a d d i t i o n a l  s e r v i c e  p l a t f o r m  
would d e f i n i t e l y  be  r e q u i r e d  f o r  t h e  C e n t a u r  s t a g e ,  
which i s  a t  t h e  same g e n e r a l  h e i g h t  as t h e  LEM. 
For a d u a l  c a p a b i l i t y ,  t.he p l a t f o r m  area and a c c e s s  
arm to s e r v i c e  t h e  CSM m u s t  b e  m a i n t a i n e d .  The ser-  
v i c e  p l a t f o r m  sys tem f o r  t h e  S a t u r n  IB/Apollo i s  
based  on a s p a c e  v e h i c l e  h e i g h t  of  a b o u t  1 9 6  f e e t  
( e x c l u d i n g  LES). Should  t h e  h e i g h t  o f  t h e  C e n t a u r  

h e i g h t  2 0 0 ' )  m o d i f i c a t i o n s  to p r o v i d e  a d d i t i o n a l  
s e r v i c e  a c c e s s  above t h e  2 0 0 '  l e v e l  may be r e q u i r e d .  

paylcads be greater t h a n  3o '  ( t c t a l  space  'vehizlc  

U m b i l i c a l  A r m s .  U m b i l i c a l  arms are  p r o v i d e d  f o r  t h e  
S-IB and S - I V B  s t a g e s ,  I U  and C S M  o f  t h e  S a t u r n  
IB/Apollo s p a c e  v e h i c l e .  A t  l e a s t  one a d d i t i o n a l  
u m b i l i c a l  arm must b e  added for t h e  C e n t a u r  s tage .  
For a d u a l  c a p a b i l i t y ,  t h i s  added u m b i l i c a l  a r m  
would have to be i n a c t i v a t e d  f o r  a S a t u r n  IB/Apollo 
l a u n c h  as would t h e  CSM u m b i l i c a l  f o r  a S a t u r n  
Tn I n  -.-L - ..-? 7 ID/ Lt2KlLdUI. L d U L l C h .  

Mechanica l  Systems.  The h i g h  p r e s s u r e  gaseous  
h e l i u m  and n i t r o g e n ,  LH,, L O X ,  ECS, and o t h e r  
m i s c e l l a n e o u s  mechan ica l  s y s t e m s ,  i n c l u d i n g  p ro -  
p e l l a n t  l o a d i n g  computers  and o t h e r  a s s o c i a t e d  
e l e c t r i c a l  equipment ,  would have to be expanded to 
i n c l u d e  t h e  Centaur  s t a g e .  

E l e c t r i c a l  Support  Equipment (ESE) and I n s t r u m e n t a t i o n  

S t a g e  p e c u l i a r  ESE f o r  e a c h  s t a g e  i s  r e q u i r e d  f o r  
t h e  v e h i c l e  p r e p a r a t i o n  and l a u n c h  and i n t e g r a t i o n  
ESE i s  r e q u i r e d  to i n t e g r a t e  t h i s  s t a g e  ESE. For 
example,  t h e  S-IVB s t a g e  ESE ( 2 0  r a c k s )  i n c l u d e s  such  
i tems as ne tworks ,  measurements ,  p r o p e l l a n t  d i s -  
p e r s i o n  and u t i l i z a t i o n ,  EBW m o n i t o r ,  component t e s t ,  
v e h i c l e  p r e s s u r e ,  APS m o n i t o r  and l o a d i n g ,  h y d r a u l i c ,  

I 
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e n g i n e ,  l a u n c h  p r e p a r a t i o n  and l a u n c h ,  and  pneumat ic  
p a n e l s ,  j u n c t i o n  r a c k s ,  and r e l a y  r a c k s .  The a d d i t i o n  
of t h e  Cen tau r  s t a g e  (which  i n c l u d e s  a second I U )  
would r e q u i r e  t h e  a d d i t i o n  of a s e t  o f  s t a g e  ESE f o r  i t .  
Also ,  t h e  i n t e g r a t i o n  and power s u p p l y  ESE ( 3 1  and  
70 r a c k s ,  r e s p e c t i v e l y ,  for S a t u r n  I B )  would have  to 
b e  expanded to i n c l u d e  t h e  Cen tau r  s t a g e .  Much o f  t h e  
ground v e h i c l e  RF, TM and measur ing  i n s t r u m e n t a t i o n  
( 1 2 7  r a c k s  f o r  S a t u r n  I B )  i s  s t a g e  o r i e n t a t e d - e x a m p l e s ,  
s e r v i c e  s t r u c t u r e  D D A S ,  DDCS and RACS. A d d i t i o n a l  
equipment must be added to t h e s e  sys t ems  to i n c l u d e  t h e  
Cen tau r  t h i r d  s t a g e .  Also ,  a l l  of t h i s  added ESE and 
i n s t r u m e n t a t i o n  must be c a p a b l e  of  b e i n g  i n a c t i v a t e d  
on a S a t u r n  IB/Apollo l a u n c h .  C a b l i n g  i s  a v e r y  s i g n i -  
f i c a n t  i t e m .  I n  e f f e c t ,  f o r  a d u a l  c a p a b i l i t y ,  t h e r e  
would have to be two s e t s  of c a b l i n g ;  one f o r  S a t u r n  
IB/Apollo and one f o r  S a t u r n  IB/Centaur .  To mix t h e  
t y p e  l a u n c h e s  on a pad would r e q u i r e  a r e a r r a n g e m e n t  
of  c a b l i n g  w i t h  each  s h i f t .  For example,  to p r o v i d e  
t h e  n e c e s s a r y  cahli~g fsr 2 37E d u a l  c a p a b i l i t y  would 
c o s t  i n  e x c e s s  of one m i l l i o n  d o l l a r s .  E x t e n s i o n s  to 
t h e  communication s y s t e m s  would a l s o  b e  r e q u i r e d  f o r  
t h e  Cen tau r  a d d i t i o n .  Space i n  t h e  LC-34 Launch 
C o n t r o l  C e n t e r  ( L C C )  w i l l  b e  u t i l i z e d  f o r  t h e  S a t u r n  
IB/Apollo equipment and a n  e x t e n s i o n  to t h e  LCC would 
have to be  c o n s t r u c t e d  to house t h e  a d d i t i o n a l  Cen tau r  
s t a g e  equipment .  A l so ,  LC-34 would r e q u i r e  a d d i t i o n a l  
cableways f o r  t h e  new c a b l e s .  The LC-37B LCC i s  
l a r g e r  t h a n  t h e  one f o r  LC-34 and i s  c a p a b l e  o f  h o u s i n g  
t h e  added equipment .  

A s  n o t e d  i n  p a r a g r a p h  A - 1 ,  l a u n c h  pad 37A was c o n s t r u c t e d  
f o r  S a t u r n  I ,  Block 11, b u t  no t  o u t f i t t e d .  Pads 37A and 3 7 B  were 
d e s i g n e d  to u s e  t h e  same L C C  and equipment ,  s e r v i c e  s t r u c t u r e ,  and 
f a c i l i t i e s  such  as p r o p e l l a n t  s t o r a g e .  I f  LC-37B were c o n v e r t e d  to 
S a t u r n  IB/Centaur  c a p a b i l i t y ,  t h e  a d d i t i o n a l  e f f o r t  needed to p r o v i d e  
37A as a second pad f o r  t h i s  purpose  would be to o u t f i t  t h e  3 7 A  pad 
p r o p e r .  T h i s  would i n c l u d e  such i t e m s  as :  e q u i p p i n g  AGCS, i n c l u d i n g  
RCA-11OA computer ;  i n s t r u m e n t a t i o n  and power c a b l i n g ;  mechan ica l  s y s -  
tems i n c l u d i n g  such  items as swing arms, ECS, and p r o p e l l a n t  d i s t r i -  
b u t i o n ,  and m i s c e l l a n e o u s  m o d i f i c a t i o n s .  It has been  es t imated t h a t  
t h e  c o s t  o f  f a c i l i t y  m o d i f i c a t i o n s  to c o n f i g u r e  pad 37A f o r  t h e  
S a t u r n  IB/Centaur  would b e  about  t h r e e  m i l l i o n  d o l l a r s .  T h i s  i n c l u d e s  

a 
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such  i tems as U/T m o d i f i c a t i o n s  f o r  swing arms, c a b l i n g ,  p i p e  
c h a s e s ,  and  communica t ions ,  b u t  n o t  t h e  m e c h a n i c a l  and e l e c t r i c a l  
equipment .  O f  t h e s e ,  c a b l i n g  i s  t h e  most s i g n i f i c a n t  i t e m .  Use 
of LC-37A f o r  t h e - S a t u r n  IB/Centaur  would have t h e  advan tage  o f  
h a v i n g  t o  p r o v i d e  o n l y  one set  o f  L C C  Cen tau r  s t a g e  equipment ,  
c o n c e n t r a t i n g  C e n t a u r  o p e r a t i o n s  i n  one area,  and h a v i n g  to 
c o n f i g u r e  o n l y  one L C C  f o r  d u a l  o p e r a t i o n .  If t h e  S a t u r n  I B /  
Cen tau r  Voyagers  were t o  be s c h e d u l e d  from 37A and 3 7 B  a t  a one 
month i n t e r v a l ,  a v a i l a b i l i t y  o f  t h e  common s e r v i c e  s t r u c t u r e  would 
be a c o n s t r a i n i n g  f a c t o r ,  as would u s e  o f  t h e  common L C C .  I f  an  
a t t e m p t  were made to s imul t . aneous ly  e r e c t  v e h i c l e s  on 37A and 3 7 B ,  
one v e h i c l e  would be u n p r o t e c t e d  i n  t h e  c a s e  o f  h i g h  winds which 
c o n d i t i o n  i s  n o t  l i k e l y  t o  be  a c c e p t e d .  Use o f  t h e  common L C C  i s  
a r e s t r a i n t  i n  t h a t  t h e  LCC equipment can  work o n l y  one v e h i c l e  a t  
a t i m e .  S h i f t i n g  from 37A to 3 7 B ,  o r  v i c e  v e r s a ,  r e q u i r e s  t i m e  t o  
r e c o n n e c t  t h e  c a b l i n g .  T h e r e f o r e ,  s u c c e s s i v e  l a u n c h e s  o f  t h e  same 
t y p e  v e h i c l e  f rom 37A and 3 7 B  s h o u l d  n o t  b e  s c h e d u l e d  on l e s s  t h a n  
a 1 0  weeks i n t e r v a l .  T h i s  p r e c l u d e s  l a u n c h  o f  two C e n t a u r s  f rom 
LC 37A and LC 3 7 B  a t  a one month i n t e r v a l .  

4 .  Pay load  GSE 

a .  Modi f i ed  Apo l lo .  The S a t u r n  IB/modi f ied  Apol lo  l a u n c h e s  
o f  t h e  AES do n o t  r e p r e s e n t  a r a d i c a l  or a b r u p t  change i n  
f l i g h t  hardware  from t h o s e  S a t u r n  IB/Apollo (MLL) l a u n c h e s  
which i n c l u d e  a LEM. The mob i l e  c o n c e p t ,  roll on - roll 
o f f  t h e  pad ,  i s  used  for t h e  Apol lo  s e r v i c i n g  equipment .  
However, i t  i s  expec ted  t h a t  i t  would e v o l v e  w i t h  t h e  
pay load  development  and n o t  be  a c o n s t r a i n i n g  o r  p a c i n g  
i t e m .  The Apol lo  pad checkou t  w i l l  b e  c o n t r o l l e d  b y  t h e  
A C E  equipment  i n  t h e  O & C  b u i l d i n g  and ca r ry -on  equipment  
a b o a r d  t h e  CSM. T h i s  equipment  can  be  m i s s i o n  i n f l u e n c e d .  
But a g a i n ,  i t  i s  expec ted  t h a t  i t  would e v o l v e  w i t h  pay load  
development  and n o t  g r e a t l y  a f f e c t  t h e  l a u n c h  complex ex- 
c e p t  f o r  p o s s i b l e  a d d i t i o n a l  c a b l i n g .  The l a t t e r ,  i f  
r e q u i r e d ,  cou ld  be added. 

b .  S c i e n t i f i c  Pay loads .  GSE w i l l  be  r e q u i r e d  t o  p r e p a r e  t h e  
s c i e n t i f i c  p a y l o a d s  f o r  l a u n c h .  T h i s  i s  n o t  c o n s i d e r e d  a 
problem or r e s t r a i n i n g  area.  For example,  Pegasus  expe r -  
i m e n t s  a re  i n c l u d e d  i n  t h e  S a t u r n  I ,  Block 11, l a u n c h e s .  



._ 
, 

BELLCOMM. INC. -6- 

m 
s 

5.  Launch Complex M o d i f i c a t i o n s  

It  i s  es t imated  t h a t  6 t o  7 months would be  r e q u i r e d  t o  
c o n v e r t  LC-34 and 37B t o  a d u a l  c a p a b i l i t y .  
L C C  e x t e n s i o n  and cableways ,  would need  t o  p r e c e d e  t h i s  m o d i f i c a t i o n  
p e r i o d .  An a d d i t i o n a l  f o u r  months would b e  r e q u i r e d  a f t e r  m o d i f i c a -  
t i o n  t o  checkou t  t h e  GSE and assemble  t h e  n e x t  f l i g h t  v e h i c l e .  
T h e r e f o r e ,  a p e r i o d  between l a u n c h e s  o f  1 0  t o  11 months w i l l  be r e -  
q u i r e d  f o r  m o d i f i c a t i o n  to Centau r  c a p a b i l i t y .  

Work on LC-34,  s u c h  as 

6 .  R e c o n f i g u r a t i o n  t ime  

I n  t h e  a b s e n c e  o f  a d e t a i l e d  a n a l y s i s  o f  t h e  t i m e  r e q u i r e d  
t o  r e c o n f i g u r e  a l a u n c h  complex from S a t u r n  IB/Apollo t o  C e n t a u r ,  or 
v i c e  v e r s a ,  i t  i s  assumed t h a t  t h e  r e c o n f i g u r a t i o n  can  be  done i n  
n o t  l e s s  t h a n  one month. Th i s  month must be added t o  t h e  pad t u r n -  
a round  t i m e ,  r e s u l t i n g  i n  a 4 month l a u n c h  i n t e r v a l  f o r  LC-34 and 
37B when a change i n  c o n f i g u r a t i o n  i s  i n v o l v e d .  

1. Launch F a c i l i t i e s  

a .  G e n e r a l .  The proposed  s c h e d u l e  shows a b u i l d u p  o f  t h e  
S a t u r n  V l a u n c h  r a t e  u n t i l  a s u s t a i n e d  l a u n c h  s c h e d u l e  a t  
two month i n t e r v a l s  i s  o b t a i n e d  i n  CY-1970. Two l a u n c h  
p a d s ,  t h r e e  l a u n c h e r  u m b i l i c a l  t o w e r s  ( L U T ) ,  two l a u n c h  
c o n t r o l  c e n t e r s ,  and two v e r t i c a l  assembly b u i l d i n g  (VAB) 
h i g h  bays  a r e  p r e s e n t l y  programmed for c o n s t r u c t i o n  and /o r  
o u t f i t t i n g .  The q u e s t i o n  t h e n  a r i s e s  - are t h e s e  programmed 
f a c i l i t i e s  c a p a b l e  u f  s u p p o r t i r i g  t h e  proposed  l a u n c h  r a t e ?  

b .  O p e r a t i n g  T i m e s .  The nominal  p l anned  s c h e d u l e  f o r  
S a t u r n  V LC-39 o p e r a t i o n s  i s  as f o l l o w s :  

Working Days  

VAB High Bay 
Launch Pad 

45 
13 

L C C  F i r i n g  Room 78 
LUT 58 
MAT 11 

T h i s  s c h e d u l e  i s  based on a 5 day work week, o r  1 2  
weeks from a r r i v a l  of  f l i g h t  hardware a t  t h e  VAB u n t i l  
l a u n c h .  However, t h i s  momimal s c h e d u l e  does  n o t  a l l o w  

- 
I 
a 
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C. 

d. 

2. 

for major  trouble or p r o  longed adverse weather being 
encountered. Although a 45 work day use period is 
shown for the VAJ3 high bay, the bay would be kept 
clear and in a condition to receive the LUT/space 
vehicle from the pad in case of a major storm, 
malfunction or difficulty necessitating its return. 

Refurbish and GSE Checkout. Elements of concern 
are the LUT and launch pad which are exposed to 
launch damage. The necessary refurbish operations 
following a normal launch are expected to be limited 
to superficial maintenance and minor repairs on 
launch accessories and control electronics. Projected 
times are 3 weeks for the LUT and 2 weeks for the launch 
pad. If major LUT damage were encountered, or if neces- 
sary to maintain the schedule, the third LUT could be 
placed in service. 

Launch Rate. Except for joint use of the crawler- 

consists of two independent launch facilities. Con- 
sidering the projected assembly, checkout, launch, 
equipment turn-around time, and allowance for unfore- 
seen delays, each of the facilities could launch on 
a sustained four months interval, or on a 2 months average 
interval for the complex. A higher launch rate should 
not be planned for LC-39 until actual operating experience 
is obtained. 

transperting and r n G b l l C  arrnlfig t o w e r ,  the LC-39 

GSE - 
The Saturn V AES missions do not represent a radical 

or abrupt change from the MLL program. It is therefore expected 
that the Saturn V GSE will evolve with the launch vehicle and payload 
changes as for the Saturn IB. The GSE for the Saturn V AES is not 
considered to be a restraining factor. 

D. Spacecraft Schedule and Requirements 

General 

This section examines in short the principal SC fa- 
cilities and GSE as to their capability for preparing 8 SC/year 
for launch. 

- e The information presented constitutes an estimate de- 
3 rived from the MSC/FO test flow plan and some informal dis- 
m cussions held with personnel from MSC/FO. The time estimates are - 

based on a successful flow plan, i.e., no failures in flight hard- 0) e - 
ware, GSE or facilities. I 

=l 
m 
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I n t r o d u c t i o n  

The i tems ,  b e l i e v e d  to be p a c i n g  t h e  SC l a u n c h  p repa -  
r a t i o n s  and which a re  examined as f o l l o w s ,  are t h e  h i g h  b a y  o f  
t h e  O & C  b u i l d i n g ,  ACE-SC and complex 1 6 .  

The O & C  h i g h  b a y  accommodates t h e  SC assembly ,  t h e  
i n t e g r a t e d  sys t ems  t e s t s ,  t h e  a l t i t u d e  chamber t e s t s ,  s i m u l a t e d  
l a u n c h  countdown and f l i g h t  t e s t s .  The h i g h  b a y  c o n t a i n s  two 
t e s t  c e l l s .  One o f  t h e s e  c o n t a i n s  t h e  p o l a r i t y  c h e c k e r  and hence  
does  n o t  p r o v i d e  s u f f i c i e n t  space  for a c o m p l e t e l y  assembled  SC 
(CSM/LEM/SLA). O the rwise ,  two SC's  c o u l d  be  p r e p a r e d  s i m u l t a n e o u s l y .  

ACE-SC i s  t h e  b a s i c  t e s t  equipment  used  f o r  t h e  SC 
t e s t  o p e r a t i o n s .  It i s  a s s i g n e d  to a p a r t i c u l a r  SC (CSM or LEM) 
and its a s s o c i a t e d  GSE d u r i n g  a s p e c i f i c  t e s t  p h a s e .  

Complex 1 6  i s  used  f o r  s t a t i c  f i r i n g  of  t h e  SPS, LEM 
AS and DS. Two s e p a r a t e  t e s t  s t a n d s  w i l l  accommodate t h e  SM and --__ T . F M  S t r t i r  - --  - ~ - firingo-. -- -- *  

S c h e d u l e s  

T o t a l  t i m e  f o r  h i g h  bay t e s t  o p e r a t i o n s  i s  some 43 days /  
S/C. S i n c e  i n t e g r a t e d  CSM/LEM/SLA t e s t i n g  i s  es t imated a t  some 
1 0  d a y s ,  and  on ly  one t e s t  c e l l  can  accommodate t h e s e  l a t t e r  t e s t s ,  
two f u l l  S/C's  can  b e  p r e p a r e d  i n  53 d a y s .  Assuming a 5 day week 
t h e  c a p a c i t y  i s  .lg S/C/week o r  1 0  S/C y e a r .  Assuming a 7 day week 
t h e  c a p a c i t y  i s  . 2 6  S/C/week o r  1 3 . 5  S /C/year .  

r n l -  l ~ e  a c t u a l  test t i m ,  i i ?vo lv ing  ACE-SC, compr i se s  2 5 %  
o f  t h e  t o t a l  t i m e  f o r  t e s t  o p e r a t i o n s .  I f  8 l a u n c h e s  a re  s c h e d u l e d  
p e r  y e a r ,  each  ACE-SC s t a t i o n  has ;to h a n d l e  4 SC's  (CSM or LEM).  
The t o t a l  t i m e  f o r  p r e p a r i n g  a S/C f o r  l a u n c h  i s  93 d a y s .  Assuming 
a n  e v e n  d i s t r i b u t i o n  of  l a u n c h e s  d u r i n g  a y e a r ,  n o t  more t h a n  2 S/C1s 
have  to be  hand led  s i m u l t a n e o u s l y  b y  ACE-SC.  Turn a round t i m e  for 
ACE-SC from one SC to a n o t h e r  i s  l e s s  t h a n  2 0  m i n u t e s .  Assuming 
a two ( 2 )  s h i f t  work day  ( 1 6  hrs) t o  accompl i sh  t h e  t e s t  o p e r a t i o n s ,  
ACE-SC u t i l i z a t i o n  on two SC's  r e q u i r e s  8 h r s  ( 2 5 % )  f o r  t e s t  ope ra -  
t i o n s  and 4 0  minu tes  to t u r n  a round t w i c e .  Assuming a one (1) 
s h i f t  work day ( 8  h r s ) ,  ACE-SC u t i l i z a t i o n  r e q u i r e s  4-2/3 h r s  
a c c o r d i n g l y ,  Even t a k i n g  i n t o  accoun t  t h a t  o t h e r  t i m e  r e q u i r e m e n t s  
e x i s t  f o r  A C E  - S/C, such  as f o r  ma in tenance ,  o f f - l i n e  da ta  p r o c e s s i n g ,  
e t c .  A C F : ~ S ~ C  does  n o t  seem to c o n s t i t u t e  a p a c i n g  i t e m .  
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Complex 1 6  w i l l  accommodate t h e  SPS and LEM AS/DS i n  
two s e p a r a t e  t e s t  s t a n d s .  S t a t i c  f i r i n g  of  t h e  SPS and re-  
f u r b i s h i n g  o f  t h e  t e s t  s t a n d  does n o t  r e q u i r e  more t h a n  1 0  days .  
S i m i l a r  r e q u i r e m e n t s  e x i s t  for t h e  LEM AS/DS s t a t i c  t e s t s .  
Complex 1 6  does  n o t  c o n s t i t u t e  a p a c i n g  i t e m .  

Hence, 

A major  problem, however,  w i l l  be  t h e  manpower r e q u i r e -  
ment.  
t h e  manpower r e q u i r e d  to r e a d y  one S/C i s  500 men. S i n c e  most o f  
t h e s e  men pe r fo rm a t a sk  which r e q u i r e s  a g r e a t  dea l  of  e x p e r i e n c e  
i n  a p a r t i c u l a r  a rea ,  t h e  p a c i n g  i t e m  might  a r i s e  from t h i s  
r e q u i r e m e n t .  

It i s  es t imated  t h a t  d u r i n g  t h e  l a s t  week b e f o r  l a u n c h ,  

C o n c l u s i o n  

It i s  b e l i w e d  t h a t  t h e  MSC f a c i l i t i e s  and equipment can  
A major  problem,  however, seems to p r e p a r e  8 S/C/year f o r  l a u n c h .  

e x i s t  i n  t h e  manpower r e q u i r e m e n t .  T h i s  problem needs  s p e c i a l  
a t  t e n  t .i_ on . 
E. Summary 

1. S a t u r n  I B .  C o n s i d e r i n g  n e c e s s a r y  t i m e  f o r  s p a c e  v e h i c l e  
a s sembly ,  c h e c k o u t ,  and l a u n c h  and l a u n c h  pad  r e f u r b i s h m e n t  and re-  
c o n f i g u r a t i o n ,  l a u n c h e s  from an i n d i v i d u a l  pad s h o u l d  n o t  b e  p l anned  
on l e s s  t h a n  a three-month  i n t e r v a l  when t h e r e  i s  no change i n  l a u n c h  
v e h i c l e  t y p e  and f o u r  months when t h e r e  i s  a change i n  v e h i c l e  t y p e .  
An a n a l y s i s  shows t h a t  to meet t h e  p roposed  l a u n c h  s c h e d u l e  and to 
p r o v i d e  backup c a p a b i l i t y ,  two l a u n c h  pads  w i t h  S a t u r n  IB/modi f ied  
Apo l lo  and two w i t h  S a t u r n  IB/Centaur  c a p a b i l i t y  w i l l  b e  r e q u i r e d .  

S a t u r n  IB/Apollo c a p a b i l i t y  and w i l l  t h u s  meet t h e  S a t u r n  IB/Apollo 
l a u n c h  r e q u i r e m e n t s .  

- R n t h  v Y A &  LC-34  2nd LC-37u 3re p r e s e n t l y  programmed tz, 9 2  cof iver ted  t o  

D i f f e r e n t  l a u n c h  complex c o n f i g u r a t i o n s  to meet t h e  S a t u r n  
IB/Centaur  r e q u i r e m e n t s  were c o n s i d e r e d .  Among t h o s e  were t h e  con- 
v e r s i o n  o f  LC-37A to C e n t a u r  c a p a b i l i t y  and LC-34 and LC-37B to 
d u a l  c a p a b i l i t y .  The u s e  of  t h e  37A-37B common s e r v i c e  s t r u c t u r e  
and Launch C o n t r o l  C e n t e r  (LCC)  imposes a c o n s t r a i n t  which would 
p r e c l u d e  S a t u r n  IB/Centaur  l a u n c h e s  from them a t  l ess  t h a n  1 0  weeks 
i n t e r v a l s .  Al though d e s i r a b l e  f rom t h e  s t a n d p o i n t  of  c o n c e n t r a t i n g  
C e n t a u r  o p e r a t i o n s  a t  one l a u n c h  complex and h a v i n g  o n l y  one pad w i t h  
a d u a l  c a p a b i l i t y ,  t h i s  c o n f i g u r a t i o n  w i l l  n o t  s u p p o r t  t h e  proposed  
l a u n c h  s c h e d u l e .  

l 
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To meet t h e  proposed  l a u n c h  s c h e d u l e ,  b o t h  LC-34 
and LC-37B must be  c o n v e r t e d  to d u a l  S a t u r n  IB/Apollo and 
S a t u r n  IB/Centaur  c a p a b i l i t y .  Major c o n v e r s i o n  r e q u i r e m e n t s  are  
shown i n  Table  I .  LC-37A would n o t  b e  upgraded .  A s  LC-34 and 
3 7 B  are independen t  o f  e a c h  o t h e r ,  t h i s  c o n f i g u r a t i o n  would a l s o  
p e r m i t  a n  even  s h o r t e r  i n t e r v a l  between two s u c c e s s i v e  l a u n c h e s  
t h a n  s t i p u l a t e d  i n  t h e  proposed  s c h e d u l e .  

2 .  S a t u r n  V .  Two v e r t i c a l  assembly b u i l d i n g  ( V A B )  
h i g h  b a y s ,  two LCC f i r i n g  rooms,  two l a u n c h  p a d s ,  and t h r e e  
l a u n c h e r  u m b i l i c a l  t o w e r s  (LUT)  a re  p r e s e n t l y  programmed for 
c o n s t r u c t i o n  and /o r  o u t f i t t i n g .  These f a c i l i t i e s  can  s u p p o r t  t h e  
maximum proposed  S a t u r n  V l a u n c h  r a t e  of  6 / y e a r  at two months 
i n t e r v a l s .  A h i g h e r  l a u n c h  r a t e  s h o u l d  n o t  b e  p l anned  f o r  t h e  
programmed f a c i l i t i e s  u n t i l  a c t u a l  o p e r a t i n g  e x p e r i e n c e  i s  o b t a i n e d .  
'This does  n o t  p r e c l u d e  a s h o r t e r  i n t e r v a l  between two s u c c e s s i v e  
l a u n c h e s .  However, s h o u l d  t h e  r e s t r a i n t  b e  imposed t h a t  a s p e c i f i c  
l a u n c h  meet a s p e c i f i c  l a u n c h  window, i t  can  be e x p e c t e d  i n  p r a c t i c e  
t h a t  a p o r t i o n  o f  t h e  l a u n c h  complex w i l l  a t  t i m e s k  i d l e  p o s s i b l y  
r P S L ? l t i n g  ir? 2 lnrnrPrinv 0 n f  the l aunch  r a t e  Gf six/ye2L?s. 

3. Payload  GSE and Manpower. It i s  e x p e c t e d  t h a t  t h e  pay- 
l o a d  GSE and improvements t h e r e o f  w i l l  e v o l v e  w i t h  p a y l o a d  
development  and n o t  b e  a c o n s t r a i n i n g  f a c t o r  i n  mee t ing  t h e  p roposed  
AES s c h e d u l e .  

The s p a c e c r a f t  p r e p a r a t i o n  and checkout  GSE and  
f a c i l i t i e s  a t  KSC are  c a p a b l e  o f  s u p p o r t i n g  t h e  p roposed  maximum 
l a u n c h  r a t e  o f  e i g h t / y e a r ,  i f  no  ma jo r  u n f o r e s e e n  s p a c e c r a f t  p roblems 
are  e n c o u n t e r e d .  However, manpower a v a i l a b i l i t y  f o r  s p a c e c r a f t  

a t t e n t i o n .  Also ,  t h i s  assumes t h a t  ma jo r  s p a c e c r a f t  m o d i f i c a t i o n s  
w i l l  b e  done elsewhere. 

----.-. pL.cpJar;atiorl and ckleckout i s  2 pjr-obler, area aT,d -w.ill yeq-Gire s p e c i a l  
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